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© An interactive graphical method for analyzing many-dlmenslonal data sets. 



© The present invention is a method and apparatus 
for analyzing, selecting, manipulating, displaying, 
and exploring relationships among variables in data 
bases with a large number of variables. The inven- 
tion comprises an array of pictorial presentations, 
usually scatter plots. Each scatter plot shows the 
relationship among some subset of variables in the 
database. The scatter plots are mutual coupled to 
one another so that any mathematical transformation 
of an independent variable in one plot causes 



changes in other plots with dependent variables ac- 
cording to the relationship between the changed 
independent variable and the dependent variabl . 
The mutual coupling also applies to color selection 
and performing logical operations with color on th 
plots. The plots can access other subsidiary pr - 
sentations by using specified access criteria. Subsid- 
iary presentations also can access other presenta- 
tions. All presentations are mutually coupled. 
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BACKGROUND OF THE INVENTION 

1. Held of th Inv ntion 

This invention relates to analysis of multi-di- 
mensional data bases. Specifically, the invention 
uses interactive graphic displays to explore rela- 
tionships among variables in a multi-dimensional 
database. 

2. Description of the Prior Art 

Data in its raw form, i.e., as a list or table of 
numbers can be uninteresting and difficult to inter- 
pret. To make data more understandable, and in 
particular, to show relationships between data, 
many alternative methods of presenting data are 
used. These methods typically include: graphs, 
charts, and other presentation methods common in 
the art. 

As the amount of data to be presented be- 
comes larger, it often becomes increasingly difficult 
to present the data in a meaningful way. These 
difficulties are compounded if the data is many- 
dimensional, i.e., has a large number of variables. 

A variable can be thought of as a set or vector 
of observed data points. A set of variables can be 
thought of as a table of numbers or other tokens (a 
blank delimited sequence of characters-a number 
and/or a word) where each column is a vector 
variable. Each row or record of the table is a set of 
related observations. 

Data with a low number of variables can be 
visually presented and analyzed easily. As an ex- 
ample, data from a table representing two vari- 
ables, e.g., length and width, can be easily graphed 
on a two dimensional plot just as data with three 
variables, e.g., length, width, and height, can be 
easily graphed on a three dimensional plot. The 
prior art can even present data with some limited 
number of additional variables/dimensions, e.g., 
temperature and motion, by adding color and/or 
animation to a three dimensional presentation. 

The prior art has attempted to display pre- 
sentations of large amounts of data with a large 
number of variables. However, many of these pre- 
sentations showing larger numbers of data vari- 
ables, if they are possible to compose at all, be- 
come difficult or impossible to interpret. 

Cleveland and McGill in Dynamic Graphics for 
Statistics off use an array of scatter plots to show 
the relationship among N variables in a data set. (A 
scatter plot is a graph of the values of one variable 
plotted against the values of anoth r.) The el - 
merits of th array are scatter plots which show the 
relation betw en two of the variables. Th two 
variabl s in each scatt r plot are determined by the 
location of th plot in th array. Th array has a 



scatter plot for every permutation of two variables 
that is represented in the array. 

CI v land and McGill use one or mor colors 
to sel ct certain points, call d subs ts, from the 

5 total number of points in the data base. Using a 
technique called brushing, certain points are 
"painted" a specific color because these points 
satisfy a certain condition. In addition, every point 
in the array representing any of the painted points 

10 is also painted the same color. By using a single 
color, the prior art specifies a subset of observa- 
tions which may show relationships among vari- 
ables. The prior art also uses multiple colors on 
one presentation to show multiple subsets of ob- 

76 servations which may show additional relationships 
among variables. Cleveland and McGill furth r 
show subsidiary displays which are coupled only in 
one direction, i.e., from a first display to a second, 
by not vice versa. 

20 

3. Problems with the Prior Art 

Even with all its attempts to present data in a 
meaningful way, the prior art has a number of 
25 failings in dealing with data with a large number of 
variables. 

The prior art is not versatile enough to allow 
efficient exploration of selected subsets of data. 
Brushing may show that there is some relationship 

30 among a certain selected subset of points, but 
further analysis than this is not shown in the prior 
art. The prior art does not disclose efficient meth- 
ods for finding out what different relationships th 
subset of points has with other data or what rela- 

35 tionship exists between variables. The prior art data 
presentations do not allow the user to easily gen- 
erate many alternative presentations by selecting a 
variety of presentation attributes from among a 
variety of presentations. The prior art also does not 

40 allow a user to query the data from the many 
different perspectives that can be shown in al- 
ternate presentations. 

The prior art does not offer a rich variety of 
presentations or presentation types which are mu- 

45 tually coupled together and which are mutually 
accessible from one another. Without this multi- 
directional coupling of many diverse presentations 
and presentation types, it is difficult to organize the 
data and to identify relationships among variables. 

so The prior art also does not permit multiple 
independent uses of color on coupled presenta- 
tions to visually show combinations of variable con- 
ditions. 

55 OBJECTIVES OF THE INVENTION 

It is an obj ctive of this invention to provid an 
improv d method and apparatus for presenting 
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multi-dimensional data and exploring relationships 
among the many variables of the data. 

It is an objective of this inventibrf to provide an 
improved method and apparatus for presenting and 
exploring data by using an array of visual presenta- 
tions of the data variables as a directory to access 
a plurality of subsidiary presentations of data used 
to present, organize, select, and condition data 
relationships. 

It is another objective of this invention to pro- 
vide an improved method and apparatus for pre- 
senting and exploring data by using multiple, in- 
dependent, and coupled data presentations. 

It is another objective of this invention to pro- 
vide an improved method and apparatus for using 
color to illustrate the effect of logical operations 
and transformations performed on the variables of 
a database. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows an example of part of a 
multi-dimensional data set. 

Figure 2 shows an example of an array of 
presentations. 

Figure 3 shows an example of coupling be- 
tween an array of presentations of 
many variables and a subsidiary 
presentation of two variables. 

Figure 4 shows the concept of accessing 
presentations by chaining. 

Figure 5 shows an example of coupling be- 
tween an array of presentations of 
many variables, a subsidiary pre- 
sentation of two variables, and an- 
other subsidiary presentation of 
three variables. 

Figure 6 shows an example of a modifica- 
tion to a variable coupled between 
an array of presentations of many 
variables, a subsidiary presenta- 
tion of two variables, and another 
subsidiary presentation of three 
variables. 

Figure 7 shows an example of decoupling 
between an array of presentations 
of many variables and another ar- 
ray of presentations of many vari- 
ables. 

Figure 8 shows an example of presenting 
two independent conditions on the 
data using two primary colors. 

Figure 9 shows an example of presenting 
thr e indep ndent conditions on 
the data using thre primary col- 
ors. 

Figure 10 shows identification of a range of 
a variable with one color. 



10 



Figure 1 1 shows a logical OR operation with 
two uses of a single color. 

Figure 12 shows a logical AND operation 
with two uses of a single color. 

Figure 13 shows an overview of the com- 
puter program of the invention. 

Figure 14 shows how mutual coupling is im- 
plemented. 

Figure 15 shows how user interactions in- 
voke system operations. 



SUMMARY OF THE INVENTION 

The present invention discloses an interactive 

76 main display presentation which can access a plu- 
rality of other mutually coupled presentations. The 
main display comprises an array of smaller pictorial 
presentations each of which displays a relationship 
between two or more variables in the data base. 

20 The main display array may also have presenta- 
tions of the variables themselves and/or some func- 
tion of these variables. 

The main display array presentation provides a 
concise global view of the entire data base and the 

25 current set of transformations and imposed con- 
ditions, while alternative presentations, called sub- 
sidiary presentations, provide more detailed and 
specialized perspectives of the data base. By using 
the main display array as a directory, a user can 

do bring up a plurality of subsidiary presentations 
showing a selected subset or subsets of data in 
various formats, such as: plots with different scal- 
ing, plots against other variables, plots using the 
variable in different mathematical functions, charts, 

35 graphs, etc. 

The invention also provides access to different 
presentations from other presentations. Subsidiary 
presentations can be derived from a first subsidiary 
presentation, i.e., a child, grandchild, great grand- 

40 child, etc. - the first subsidiary presentation prog- 
eny. Alternatively, subsidiary presentations can be 
those from which the accessing subsidiary pre- 
sentation was derived, i.e., a parent, grandparent, 
etc. -presentation ancestry. Typically a subsidiary 

45 presentation can access its ancestry, its progeny, 
other subsidiary presentations, and the ancestry 
and progeny of other subsidiary presentations and 
visa versa. 

The present invention further provides mutual 
so coupling among the variables in the same or dif- 
ferent presentations. Variables in the main display 
array presentation are mutually coupled to vari- 
ables in the subsidiary presentations. Similarly, 
variables in different subsidiary presentations are 
55 mutually coupled to ach other. Additionally, vari- 
abl s in a given pr sentation (main array or subsid- 
iary) are coupled to oth r variabl s in that same 
pr sentation. 
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Coupling occurs if a relationship exists be- 
tween displayed variables, points, or other informa- 
tion, either within th sam presentation, or in 
different presentations. Relationships may exist be- 
tween one variable and another, e.g., one variable 
may be dependent on the other. If two variables 
are related, a change in the first will cause a 
change in the second according the relationship 
between them. If the variables are related, a 
change in the second variable also causes a 
change in the first according to the relationship. 

The present invention allows a user to apply a 
myriad of logical mathematical operations to data 
displayed in the main display array and multiple 
subsidiary presentations. Mutual coupling among 
the variables of the data causes the effects of 
these operations to show in all presentations con- 
taining variables related to the changed variables. 
Color can be used to further visualize these effects. 
By accessing subsidiary presentations, the main 
display array presentation, and the smaller pre- 
sentations shown on these presentations, a user 
can easily explore, determine, and display the rela- 
tionships among data in large multi-dimensional 
databases. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows an example of part of a multi- 
dimensional data set. It is a table of numbers 110, 
each of which is an observed data point, typically 
115. Each column 120 of the table is a variable, 
which is also called a set or vector 120 of observed 
data points. The top row shows the names of the 
variables 130. Every other row or record 140 of the 
table 110 is a set of related observations, one for 
each variable 120. 

A user might want to explore this data set to 
determine if there are any relationships among the 
variables, and if any relationships exist, to deter- 
mine the nature of the relationship. A relationship 
typically exists if one variable changes with respect 
to another. A direct dependency relationship occurs 
if one dependent variable changes in some way as 
an independent variable changes. An indirect de- 
pendency relationship occurs if a second depen- 
dent variable changes as a first dependent variable 
changes. If a second dependent variable depends 
on a first dependent variable which then depends 
on an independent variable, the second variable is 
directly dependent on the first dependent variable 
and indirectly dependent on the independent vari- 
able. These relationships can similarly continue to 
a third, forth or further I vels of dependency 
(relationship). Furthermore, th se relationships 
among variabl s can be linear or nonlinear. A vari- 
able may also d pend on more than one variabl , 
with ach depend ncy having its own particular 
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relationship. Many of these dependencies are often 
"hidden", i.e., very difficult to determine, especially 
for databases with a large number of variabl s. 
Figur 2 shows an example of an array of 

5 presentations 200, used as the main display array 
presentation of the preferred embodiment. (Note 
that in other embodiments the presentation does 
not have to be visual. An auditory or tactile pre- 
sentation can also be used to convey information to 

10 a user.) The rows 240 and columns 220 of the 
array correspond to the variables of the data 230, 
i.e, the variables named 130 in Figure 1. (The 
columns of Figure 1 only show part of the data 
base that is portrayed in the presentations.) For 

76 added flexibility and to facilitate data exploration, 
the rows and columns of the main array presenta- 
tion may be independently sorted in a variety of 
ways, including being sorted in relation to a par- 
ticular statistic. 

20 The elements of the array are smaller pre- 

sentations (typically 205), in the preferred embodi- 
ment, two-dimensional scatter plots. The axes 212 
and 214 of a selected scatter plot 210 are deter- 
mined by the position of the scatter plot element in 

26 the array, i.e., the row variable 216 on the vertical 
axis of the plot 212 and the column variable 218 on 
the horizontal axis 214 of the scatter plot (or visa 
versa). See enlarged scatter plot 210 in Figure 2A. 
Each scatter plot is a pictorial presentation showing 

30 the relationship of a permutation of two variables 
(216 and 218) of the data, with one variable plotted 
against the other, and with each observed data 
point corresponding to a point in each scatter plot 
219. As an example, in the year 1975 shown on 

36 row 119 of Figure 1, the value of PDE is 180 and 
the value of RTG is 6.6. These values represent 
the abscissa and ordinate of one observed data 
point 219 on scatter plot 210 in Figure 2. Other 
points on the plot are derived similarly. The ranges 

40 of the variables in each scatter plot are normalized 
so as to cover the same plot area. 

Along the left and bottom edges of the main 
display array presentation 200 are one-dimensional 
histograms 232 and cumulative histograms 234, 

45 each showing the frequency distribution of ob- 
served data points in a single variable, typically 
216 or 218. A histogram is a bar graph of a 
variable showing the distribution of values through- 
out the range. A cumulative histogram is the in- 

50 tegral of the histogram. These presentations are 
well known in the prior art. To produce a histogram, 
the entire range of data point values of the variable 
is partitioned into a number of slots or buckets of 
equal sub-ranges, and the populations of data 

56 points falling into ach slot is counted. A r ctangu- 
lar bar is plotted for ach slot, and th slot popula- 
tions ar mapped to the bar lengths. The length of 
th bars in each histogram is normaliz d so th 

5 
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longest bar in each plot covers the same plot area. 
Cumulative histograms, or quantiie plots, depict the 
rough proportion of values of a single variable 
below a particular value. 

Transformations are performed and changes to 
variables are made using input apparatus well 
known in the art, e.g., a mouse, keyboard cursor 
controls, and light pens. 

Selected mathematical operations, also called 
transforms or scaling functions, can be performed 
on the variables shown in the main display array 
presentation 200. In the preferred embodiment, 
these scaling functions may be applied by pressing 
on of a set of scaling function keys while pointing 
to the variable or variables to which the function 
will be applied. Some examples of scaling func- 
tions and selecting keys are: identity (i key), square 
root (s key), square (S key), logarithm (1 key), 
exponential (e key), and negative (N key). A single 
variable may be selected for scaling by pointing 
the apparatus at the representation for a single 
variable (e.g., a histogram or cumulative histo- 
gram). Two variables may be selected for scaling 
by pointing the pointing apparatus at the repre- 
sentation for two variables (e.g., a scatter plot). All 
variables may be selected by pointing the pointing 
apparatus at the representation for no variables 
(e.g., outside all plots.) It will be understood that 
these methods of pointing and selecting are used 
as illustrations and that any pointing and selecting 
method known in the art is contemplated for the 
practice of this invention. 

Conditioning, or color coding subsets of data 
points, can be performed on the variables shown in 
the main display array presentation 200. These 
conditioning operations may be applied by press- 
ing one of a set of conditioning keys (which speci- 
fies a color, and either a lower or an upper bound) 
while pointing to the variable or variables to which 
it will be applied. Examples of conditioning oper- 
ations and keys are: red lower bound (r key), red 
upper bound (R key), green lower bound (g key), 
green upper bound (G key), blue lower bound (b 
key), and blue upper bound (B key). A single 
variable may be selected for conditioning by point- 
ing the apparatus at the representation for a single 
variable (e.g., a histogram or a cumulative histo- 
gram), and the position representing the desired 
conditioning boundary (lower or upper edge of a 
region) within that variable. Two variables may be 
selected simultaneously for conditioning by point- 
ing the pointing apparatus at the representation for 
two variables (e.g., a scatter plot), and the position 
representing th desired conditioning boundary 
(low r I ft or upper right corner of a r ctangular 
region) within that variable. Again any m thod 
known in the art for pointing and s lecting is con- 
templat d in the practic of the inv ntion. 
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Mutual coupling exists among the smaller pre- 
sentations 210 and the edge presentations 230 on 
the main display array presentation 200. Due to 
mutual coupling, any change to or transform per- 
5 formed on a variable in a small presentation 210 or 
edge presentation 230 causes changes to ripple 
through the array presentation 200 to other vari- 
ables which are related to the change(s). Using 
coupling, dependent variables are changed in the 

to display in accordance with their relationships to 
other changed variables. The invention displays to 
the user the effects of any variable change on the 
entire database. The display is presented to the 
user in the format (selected variables, scale factors, 

75 customized functions, etc.) that the user defines. 

Another feature, provided by the invention in 
the main display array presentation 200, is logical 
color operations. Logical color operations, de- 
scribed in greater detail below, allow the user to 

20 mark selected points with a first chosen color. The 
invention, through coupling (among the small 210 
or edge 230 presentations), then brushes the color 
over the points in other presentations that are the 
same as and related to the marked points. Using a 

25 second color and point selection criteria, a second 
set of points are brushed. Brushing a third set of 
points, having a third selection criteria, with a third 
color is also possible. The brushed colors create a 
pattern on the array presentation 200, each color 

30 intersecting with other colors in some areas and 
not intersecting in other areas of the display. 
Where different brushed colors intersect, a different 
color results which marks points at the intersec- 
tions. Points at intersections represent the subset 

35 of points of the intersection of selection criteria that 
the intersecting colors represent (logical AND op- 
eration). Brushed points, not at an intersection of 
color, represent points that have only the selection 
criteria represented by their brushed color. (These 

40 might be selected using a logical OR). As de- 
scribed below, similar operations can be performed 
using only one color. Accordingly, using color log- 
ic, a user can visually display the results of selec- 
tion criteria, logical operations, and other trans- 

45 formations applied to the database. 

Figure 3 shows an example of accessing 380 a 
subsidiary presentation 310 from a main display 
array presentation 200. The main display presenta- 
tion 200, in the preferred embodiment, is the same 

so presentation described above and shown in Figure 
2. Subsidiary presentation 310 in general shows 
some subset of variables from the array presenta- 
tion 200 in a variety of chosen data formats possi- 
bly including histograms, bar graphs, scatter plots, 

65 line plots, numeric tabl s f and thr -dim nsional 
scatter plots. A us r accesses a subsidiary pr - 
sentation from another pr sentation (like th main 
display array pr sentation 200) by pr ssing one of 

6 
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a set of subsidiary presentation keys while pointing 
to the variable or variables to which the accessing 
will b applied. Some examples of subsidiary pr - 
sentation accessing keys are: more detailed and 
expanded pair-wise presentation (enter key), and a 
snake plot (tilde key). The relevant number of vari- 
ables may be dependent upon the type of pre- 
sentation selected. A single variable may be se- 
lected for a subsidiary presentation, by pointing the 
pointing apparatus at the representation for a single 
variable (e.g., a histogram or a cumulative histo- 
gram). Two variables may be selected simulta- 
neously for a subsidiary presentation by pointing at 
the representation for two variables (e.g., a scatter 
plot). If necessary, multiple sequential uses of a 
subsidiary presentation key may be required to 
specify the total desired subset of variables. 

The subsidiary presentation 310 in Figure 3 
shows enlarged and detailed views of the small and 
edge presentations 242, 244, 246, 248, and 250 of 
the main display 200. Cumulative histogram 342 is 
an enlarged cumulative histogram 244 of variable 
DJI on display 200. Histogram 344 is an enlarged 
histogram 244 of variable DJI on presentation 200. 
Scatter plot 346 shows two variables DJI and Time 
in a larger format than is show on small presenta- 
tion 246 in presentation 200. In like manner, histo- 
gram 348 and cumulative histogram 350 are en- 
largements of histogram 248 and cumulative histo- 
gram 250 edge presentations (the variable is Time) 
in presentation 200. 

In addition to the subsidiary presentation 310, 
presentations 342, 344, 346, 348, and 350 shown in 
Figure 3, other presentations can be displayed. 
These alternative presentations include: snake plots 
(which show three variables in a single scatter plot 
with lines between points connected in the order of 
any third variable), quad-wise plots (which show 
four variables, i.e., a pair of scatter plots, with lines 
between corresponding points), line graphs, bar 
graphs, and numeric tables (which may show in- 
formation about any number of variables). The dis- 
plays in a subsidiary presentation 310 may repre- 
sent a subset of data of an ancestor presentation 
200 or may represent the entire data base of the 
ancestor 200. 

Mutual coupling exists within the subsidiary 
array 310 just as it does within the main display 
array presentation 200. As described above, mutual 
coupling changes dependent variables shown in 
small presentations (e.g. histogram 344) on the 
subsidiary presentation 310 in relation to changes 
or transforms performed on independent variables 
displayed in the subsidiary pr sentation. Changes 
are made using the same type of input apparatus. 
Color logic operations may also b perform d with- 
in the subsidiary presentation 310. 



Double arrow 370 in Figure 3 illustrates the 
concept of mutual coupling between the array pre- 
sentation .200 and th subsidiary pr s ntation 310. 
This feature automatically changes dep ndent vari- 
5 ables in a subsidiary presentation 310 if related 
variables are changed or transformed in the main 
array presentation 200 and visa versa. Using mu- 
tual coupling between the two presentations, a us r 
can change or transform variables at one small 
to presentation within the main array 200 or subsid- 
iary 310 presentation and observe the changes in 
the related variables throughout the database and 
throughout both of the presentations. This allows 
the user to change detailed data in the subsidiary 
76 presentation 310 and see the general, overall effect 
in the array presentation 200 and visa versa. Color 
logic operations are also mutually coupled. 

As an example of mutual coupling, a logarith- 
mic scaling function can be applied to the variable 
20 named DJI 361 performed in the subsidiary display 
310. Since both the array presentation 200 and th 
subsidiary presentation 310 show variable DJI 361, 
a change in scaling in the subsidiary presentation 
310 is shown also in the array presentation 200. 
25 Since the coupling is mutual, a similar change in 
the array presentation 200 would also change the 
subsidiary presentation 310. 

Single arrow 380 shows that the subsidiary 
presentation 310 is accessible from the main array 
30 presentation. To access a subsidiary presentation 
310 from a main display array 200 (or any oth r 
subsidiary array) all of three access criteria ar 
used. To access a subsidiary presentation, the user 
must first define all (default criteria may be used) 
35 of the following three access criteria for subsidiary 
presentations: (1) the type of subsidiary presenta- 
tion on which the user wants to display the data, 
i.e., the display format, (2) the subset of variables 
in the array presentation that the user wants to 
40 examine, and (3) the subset of observations. 
(Throughout this explanation, a subset may include 
the entire original set.) 

Accessing a child subsidiary presentation from 
a parent presentation requires selecting the vari- 
45 ables and/or the observed data points in the parent 
that are to be displayed on the child. In most, but 
not all situations, the data to be displayed on the 
child will be a subset of the data on the parent. 
Conversely, parent presentations can not usually 
so be accessed from a single child subsidiary display 
because the entire superset of data being dis- 
played on the parent is not normally available on 
the child to define the data superset to be dis- 
played on the parent. However, the pres nt inven- 
55 tion does allow access to a par nt presentation 
from a child if all the data in the parent is present 
in the child, i.e., the child is a duplicat display of 
the par nt or the child displays all the data of th 
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parent in an alternative way. Further, if two or more 
progeny subsidiary displays can be combined so 
that together they contain at least ail the data In a 
parent display, the parent display can then be 
recreated and accessed from the progeny. This is 
accomplished by selecting the display format of 
the parent and accessing the superset of data 
required in the parent from the appropriate subsid- 
iary presentations. Physically, the display is as- 
sessed in a way similar to the one described 
above. (Note that although a subsidiary presenta- 
tion may be accessed by way of a myriad of family 
relations, once accessed, its ancestry is irrele- 
vant.) 

Figure 4 shows a novel and very useful aspect 
of the present invention called chaining. Using the 
accessing criteria above, a user can access (arrow 
405) a child subsidiary presentation 410 from a 
parent display 200. (The parent presentation may 
be the main display array presentation 200 or any 
other subsidiary display 410, 420, 430, 450, 460, or 
470.) From a child presentation, for example child 
subsidiary presentation 410, the user can then ac- 
cess (arrow 415) a grandchild presentation 420. In 
like manner, a user can access (arrow 425) further 
progeny of the parent presentation 200. In this way, 
a chain of presentations is created, all of which are 
mutual coupled (double arrows 400) as described 
above. Furthermore, other chains of presentations 
can be accessed (arrow 445) from a the same 
parent 200 or other subsidiary presentations 460 
and arrows 465 and 475. In these other chains, 
grandchildren 460 are accessed (arrow 455) from 
children 450 and similarly other progeny can be 
accessed (arrows 435, 465, and 485). All of the 
presentations in all created chains are mutual 
coupled, double arrows 400, to one another and to 
those presentations in other chains. 

As stated above, progeny of a parent presenta- 
tion can not access the parent unless either all the 
variables and data points exist in the progeny pre- 
sentation or the progeny can access enough data 
from other progeny to obtain all the necessary data 
to recreate the parent. In Figure 4, parent presenta- 
tion 200 is accessible (arrow 434) from child pre- 
sentation 450 because the child contains all the 
variables and data points contained in the parent 
200, i.e., the child 450 is a duplicate presentation 
of the parent 200 or has all the data of the parent 
200 shown in an different display format. Alter- 
natively, a child 430 can be accessed (arrows 427 
and 467) from two or more parent presentations 
420 and 460, respectively. Multiple parents 420 
and 460 which create children 430 may exist in the 
same or diff rent chains. In this case, the child 
pr sentation 430 contain d nough variables and 
data points, which it accessed from its par nts 420 
and 460, that it was able to recreate and access 
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(arrow 432) the original parent 200. 

The novelty and versatility of the present in- 
vention is further enhanced because each pre- 
sentation in the chain has all the internal mutual 
5 coupling, transformation capability, and color logic 
functions as described above for the main display 
array presentation 200. Therefore, a user can se- 
lect certain data, using selected criteria in a parent 
display 200, explore the selected data in more 

w detail in a child presentation 410, and continue 
selecting, transforming and operating on data in 
finer detail using other presentation progeny in a 
chain. Other chains may be created to explore 
other variables or other aspects of the variable 

n explored in the first chain. Information can be ac- 
cessed (arrows 427 and 467) from presentations in 
different chains and other presentations created 
430. From these further progeny can be accessed 
(arrow 435). AH presentations remain mutually 

20 coupled. 

Figure 5 shows an example of coupling be- 
tween an array of presentations of many variables 
200, a subsidiary presentation 510 of two variables, 
and another subsidiary presentation 520 of three 

25 variables. From parent presentation 200, two child 
subsidiary presentations 510 and 520 are accessed 
(arrows 515 and 525 respectively). (Note that child 
displays 510 and 520 could be used to access 
progeny and thereby create two chains of pre- 

30 sentations.) The subsidiary presentation 510 de- 
picts two variables UNR 505 and BCD910 506 by 
showing enlarged and more detailed views of a 
family of plots from the array of presentations. 
Specifically, the histogram 501 and cumulative 

35 histogram 503 of variable 505 on parent presenta- 
tion 200 are shown on subsidiary presentation 510 
as histogram 511 and cumulative histogram 513 
respectively. In like manner, histogram 521 and 
cumulative histogram 523 of variable 506 on parent 

40 presentation 200 are shown on child subsidiary 
presentation 510 as histogram 531 and cumulative 
histogram 533 respectively. The selected scatter 
plot 565 for the two variables 505 and 506 on 
parent presentation 200 is enlarged and shown 575 

45 on child subsidiary presentation 510. Alternatively, 
child presentation 520 shows a snake plot of the 
two selected variables 505 and 506, plotting the 
corresponding data points of these variables to- 
gether on a scatter plot with lines connecting the 

so points in a sequence determined by a third variable 
(e.g. increasing variable Time 507). The double 
arrows 500 show that the three presentations 200, 
510, and 520 are mutual coupled, i.e., a change of 
a data point or variabt in any of the presentations 

56 will cause changes in the other presentations ac- 
cording to th relationship of the changed variables 
to the other variable presented. 
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Figure 5 illustrates how child subsidiary pre- 
sentations can be accessed in a variety of ways. 
Parent presentation 200 could acc ss both pr - 
sentation 510 and 520 shown as arrows 515 and 
525 respectively. Alternatively, the parent presenta- 
tion 200 could access 515 child presentation 510 
while the child subsidiary presentation 520 could 
be accessed 534 and 535 from a combination of 
both the parent presentation 200 and the child 
subsidiary presentation 510. Additionally, the child 
subsidiary presentation 520 could be accessed 525 
from the parent presentation 200, while the other 
child subsidiary presentation 510 could be acces- 
sed 535 from subsidiary presentation 520 alone. 
Note that all presentations 200, 510, and 520 in 
Figure 5 are mutually coupled with one another as 
shown by double arrows 500. 

Figure 6 shows an example of the effect of 
mutual coupling among presentations (the same 
presentations as in Figure 5) using a scaling func- 
tion. This scaling function called a "jittering or 
fuzzing" scaling function is applied to a variable 
named UNR 505 in the database. This function 
adds 25% of random noise to the variable and has 
the effect of spreading out points in the scatter 
plots. Spreading the points out like this sometimes 
results in clearer presentations, especially if the 
plot had many overlapping points. (Note the 
change between the unsealed snake plot 520 in 
Figure 5 and the scaled snake plot 620 in Figure 
6). Since the parent presentation 610, an array 
presentation, and both of the two child subsidiary 
presentations 610 and 620 show variable UNR 505, 
they all reflect any change made to this variable. 
Since all the couplings are mutual 600, the variable 
can be scaled either on the parent presentation 
610, or on either of the subsidiary presentations 
610 and 620 with the same result. 

Figure 7 shows an example of decoupling be- 
tween a parent presentation 701 , here an array of 
presentations of many variables and child presenta- 
tion 710, here also an array of presentations of 
many variables. The variables in the child presenta- 
tion 710 are a subset of the parents 701 variables. 
As the crossed out double arrow 700 shows, these 
two presentations are decoupled, i.e., not mutually 
coupled. When a user selects this method of op- 
erating the invention, any change to a variable in 
any decoupled presentation does not cause a 
change in any other presentation even if there is a 
relationship among the variables. Decoupled plots 
can be used to preserve all the current transforma- 
tions, conditioning, small presentations, and subsid- 
iary presentations to create a presentation to be 
us d as a "check point." Transient changes made 
to other pres ntations can be compar d to the 
check point and th n easily discarded or pr s rved 
without changing the check point. 



Figure 8 shows an example of presenting two 
independent conditions on the data using two pri- 
mary colors. The primary color r d 810 has been 
us d to indicate high values of the variable UNR 
5 812. This is indicated by bands of dark red back- 
ground running both horizontally 814 and vertically 
816 through the high values of all the plots involv- 
ing variable UNR 812. Every dot in every scatt r 
plot is colored bright red if it relates to a high valu 
jo for variable UNR. Similarly, every bar in every 
histogram and cumulative histogram has a segment 
colored bright red 818 if it covers a set of observa- 
tions related to a high value for variable UNR. 
Additionally, the primary color green 830 has been 
re used to indicate high values of the variabl 
BCD910 832. This is indicated by bands of dark 
green background running both horizontally 834 
and vertically 836 through the high values of all th 
plots involving variable BCD910 832. Every dot in 
20 every scatter plot is colored bright green if it re- 
lates to a high value for variable BCD910 832. 
Similarly, every bar in every histogram and cu- 
mulative histogram has a segment colored bright 
green 838 if it covers a set of observations related 
25 to a high value for variable BCD910 832. More 
importantly, red and green are primary colors, and 
wherever they intersect they form yellow 850. This 
is indicated by a rectangle of dark yellow back- 
ground 852 in all the plots involving both the vari- 
30 ables UNR and BCD910. Every dot in every scatter 
plot is colored bright yellow if it relates to a high 
value for variable UNR and a high value for variable 
BCD910. Similarly, every bar in every histogram 
and cumulative histogram has a segment colored 
35 bright yellow if it covers a set of observations 
related to a high value for variable UNR and a high 
value for variable BCD910. 

By using color, not only can observations be 
identified by a color, e.g., yellow at the intersection 
40 of two data sets but also these identified observa- 
tions can then be selected to display on accessed 
subsidiary presentations. The subsidiary 
presentation(s) will display the selected points 
which will be brushed with the same color as they 
45 are in the parent presentation. Since the presenta- 
tions are mutually coupled, color logic performed 
on either presentation will be reflected in the other 
presentation. 

Figure 9 shows an example of presenting three 
so independent conditions on the data using three 
primary colors. The uses of the colors red 810, 
green 830, and yellow 850 are identical to those in 
Figure 8. Additionally, the primary color blue 920 
has b en used to indicat high values of the vari- 
55 abl DJI 942. This is indicated by bands of dark 
blu background running both horizontally 944 and 
v rtically 946 through the high values of all th 
plots involving variable DJI 942. Some obs rved 
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data points in the scatter plots are colored bright 
blue 920 if they are related to the blue brushed 
high values selected for variable DJI 942. Similarly, 
every bar in every histogram and cumulative histo- 
gram has a segment colored bright blue 948 if the 
segment covers a set of observations related to the 
high values for variable DJI 942. 

More importantly, logical operations can be 
performed with the three colors and subsidiary 
presentations can be accessed based on these 
operations. Red, green, and blue are all primary 
colors. Wherever red and green intersect they form 
yellow 850. Wherever red and blue intersect they 
form magenta 950. Wherever green and blue inter- 
sect they form cyan 960. Wherever red, green, and 
blue intersect they form white 970. The area 
brushed yellow 852 includes data points which are 
in the intersection of the set of points brushed red 
(high UNR 812) and brushed green (high BCD910 
832). The areas of dark magenta 952 includes data 
points which are in the intersection of the set of 
points brushed red (high UNR 812) and brushed 
blue (high DJI 942). The areas of dark cyan 962 
include data points which are in the intersection of 
the set of points brushed green (high BCD910 832) 
and brushed blue (high DJI 942) in all the plots 
involving both the variables BCD910 and DJI. Be- 
cause of mutual coupling in the presentation, every 
dot in every scatter plot is colored bright yellow if 
its set of related observations includes a high value 
for variable UNR and a high value for variable 
BCD910; bright magenta if its set of related ob- 
servations includes a high value for variable UNR 
and a high value for variable DJI; bright cyan if its 
set of related observations includes a high value for 
variable BCD910 and a high value for variable DJI; 
or bright white if its set of related observations 
includes a high value for variable UNR and a high 
value for variable BCD910 and a high value for 
variable DJI. (White points are not shown in the 
figure.) Similarly, every bar in every histogram and 
cumulative histogram has a segment colored bright 
yellow if it covers a set of related observations 
including a high value for variable UNR and a high 
value for variable BCD910; bright magenta if its set 
of related observations includes a high value for 
variable UNR and a high value for variable DJI; 
bright cyan if its set of related observations in- 
cludes a high value for variable BCD910 and a high 
value for variable DJI; or bright white if its set of 
related observations includes a high value for vari- 
able UNR and a high value for variable BCD910 
and a high value for variable DJI. Using a presenta- 
tion lik this as a parent, points sel ct d with the 
color logic described above can b display on child 
subsidiary pr sentations. Becaus of mutual cou- 
pling b tween the par nt and child pr sentations, 
furth r color logic op rations can be perform d on 



either presentation and the related effects of these 
operations, e.g., the marking of points with a color, 
will be reflected in the other presentation. 

To further illustrate the uses of color logic, 
5 Figures 10, 11 and 12 depict color logic operations 
using only one color. The Rgures illustrate color 
logic with one color for two variables but the same 
approach can be extended to any number of vari- 
ables. 

w Figure 10 shows an example of a single use of 

a single color, red. In the figure, lower and upper 
bounds of the variable BCD910 832 (i.e., a range of 
the variable) have been defined by the vertical red 
bar 1110. The vertical bar shows the limits between 

75 the bounds as a background color on the scatter 
plot 1120, the histogram 1130, and cumulative 
histogram 1140 of the variable. All data points 
inside this bar region are colored bright red while 
those outside the region are grey. 

20 Figure 11 is a repeat of Figure 10 with a 

horizontal red bar 1210 added to delimit a range of 
variable UNR 812. The Figure shows a logical OR 
operation with two uses of a single color. The red 
background color of the scatter plot 1120, histo- 

25 grams 1130 and 1230, and cumulative histograms 
1140 and 1240 delimit the region between the 
bounds. All data points inside the region of the 
horizontal 1210 and vertical 1110 red bars are 
colored bright red. Those outside the bars are 

30 grey. The red points represent the union of the 
selected region of points for both variables, i.e., a 
logical OR. 

Figure 12 is a repeat of Figure 11 but is shows 
a logical AND operation with two uses of a single 
35 color. The selected ranges of variable UNR 812 
and BCD910 832 have been brushed with the hori- 
zontal 1210 and vertical 1 1 10 red bars respectively. 
The intersection of the two selected ranges 1300, 
is brushed red in the scatter plot 1120. Points 
40 outside the intersection in the scatter plot are grey. 

Using the presentations shown in Figures 10, 
11, and 12 as parent presentations, subsidiary pre- 
sentations can be accessed which display points 
selected with one color. These points can repre- 
45 sent ranges (Figure 10), unions or logical ORs 
(Figure 11), or intersections or logical ANDs (Figure 
12). Since the child presentation is mutually coup- 
led to the parent, any operation on the parent or 
child, including color logic operations will have their 
so results reflected in the related variables on the 
other presentation. 

The present invention has been implemented 
in the C programming language and runs under 
any X-Windows platform. In particular, the pre- 
ss ferred embodim nt runs on an IBM Rise System 
6000 (e.g., model 520, 530, or 540) with the AIX 
operating system. The standard syst m configura- 
tion of a color display, a keyboard, and a mous is 
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adequate. A large format display is preferred. The 
preferred embodiment uses a display with at least 
1024 by 1024 pixels. Although this equipm nt is 
used in the preferred embodiment, any computer 
systems with equivalent capability for running the 
invention is within the contemplation of the inventor 
for practicing the invention. 

Figure 13 shows an overview of the computer 
program of the invention. The essential compo- 
nents of the program include: raw data 1310, trans- 
formations 1320, conditioning 1330, list of presen- 
tations 1340. and the presentations displayed (1351 
through 1354). 

The raw data 1310 is just the original table of 
numbers or tokens, organized as a list of vector 
variables. A table of data as shown in Figure 1 and 
described above has a typical format. 

The transformations component 1320 applies 
mathematical functions, like scaling, to the raw data 
of the variables. Each variable potentially can have 
a mathematical function or even a series of math- 
ematical functions sequentially applied to it. Exam- 
ples of mathematical functions (i.e., scaling factors) 
include: identity, square root, square, cube root, 
cube, logarithm, exponential, negative, reciprocal, 
and others. 

The conditioning component 1330 stores the 
coordinates of the boundaries of the color regions 
for each variable. Potentially, one lower bound and 
one upper bound are stored for each primary color 
(e.g., red, green, and blue) for each variable. The 
logical function to be applied to a color (e.g., AND 
and OR) is also stored in this component. 

The list of presentations maps 1340 the trans- 
formed and conditioned data to the main array 
presentation and all the subsidiary presentations 
which happen to be in use. The list is used to scan 
all the current presentations for interactive inputs 
which may change any of the transformations or 
conditioning. Interactions may also access or de- 
lete presentations from the currently active list. The 
list of presentations is also used to update all the 
current presentations as necessary whenever any 
of the transformations, conditions, or presentations 
are interactively changed. 

Each of the main array presentation and ail the 
subsidiary presentations contain the definitions of 
their own display format and their possible inter- 
actions. Each presentation is displayed in a win- 
dow. The definition of the display format of a 
presentation includes which plots or tables or pic- 
tures to show in the window and how to show them 
(e.g., derivation, order, perspective, fonts, colors, 
etc.), and the arrang ment f them within the win- 
dow. Th d finition of the possible interactions of a 
pr s ntation includes a list of acc ptable user ac- 
tions (e.g., key pr ss s, mouse clicks, etc.) which 
are often associated with a position within the win- 



dow through a pointing device (e.g., a mouse). All 
the possible interactions are mapped into changes 
of either th raw data, the transformations, the 
conditioning, or list of currently active pr senta- 
5 tions. These changes are made through presenta- 
tions 1351 through 1354 as shown by arrows 1300. 

Figure 14 shows how mutual coupling is impl - 
mented using a data base of three variables V1, 
V2, and V3 and three presentations 1410 through 
10 1412 as examples. 

For each variable parameters are defined i.e., 
there is a vector of raw data 1420 through 1422, a 
vector of scaled data 1430 through 1432, and a 
specification for the boundaries of each of thr 
76 primary color regions (red boundaries 1 440 through 
1442, green boundaries 1450 through 1452, and 
blue boundaries 1460 through 1462). 

In this example, different combinations of the 
three variables are presented in the presentations 
20 1410 through 1412. Presentation A 1410 shows 
variables V1 and V2. presentation B 1411 shows 
variables VI, V2 and V3 and presentation C 1412 
shows variables V2 and V3. Each presentation 
1410 through 1412 can alter (arrows 1470 through 
25 1472) the data base parameters for any of the 
variables it shows. 

In Figure 14. presentation A 1410 is changing 
(arrow 1470) the red region for variable V1 (red 
boundary parameter 1440). Since both presentation 
30 A 1410 and B 1411 show variable V1 and both 
presentations access the same parameter 1440 for 
the red bound, the red bound change 1470 mutu- 
ally affects both presentations 1410 and 1411. The 
change 1470 to the red bound in variable V1 may 
35 also indirectly affect presentation C as well, if pre- 
sentation C is displaying any points which are now 
in a different color region as a result of the 
changed red region in variable V1 . 

Also in Figure 14, presentation B 1411 is 
40 changing the scaling function 1431 for variable V2, 
thus directly affecting presentations A, B, and C. 
This is because all three presentations show vari- 
able V2 and access the changed 1471 scale factor 
from the same location 1431. The change 1471 to 
45 the scaling function of variable V2 may indirectly 
affect other presentations (not shown in the Figure) 
as well, if those presentations are displaying any 
points which are now in a different colored region 
as a result of the changed 1471 scaling function 
50 with respect to any of the color regions in variable 
V2. The affected presentations could also be dis- 
playing points with dependencies on the newly 
scaled variable V2. 

Further in Figure 14, presentation C is chang- 
55 ing 1472 the gr en r gion for variable V3. This 
dir ctly affects (mutually coupl s) both presenta- 
tions B and C because they are both showing 
variabl V3 and both obtain the gr n bounds from 
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location 1452. The change 1472 may indirectly 
aff ct presentation A as well if presentation A is 
displaying any points which are now in a different 
color region as a result of the changed 1472 green 
bounds on variable V3. 

In general, any presentation can directly alter 
any of the parameters of any of the variables it is 
displaying. Other presentations, displaying the 
changed variables are mutually coupled to the first 
presentation because all presentations access the 
same changed parameter. 

Figure 15 shows the processing of interaction 
events. Interaction events 1510, such as key 
presses or mouse clicks, can invoke a wide variety 
of operations including transforming variables, con- 
ditioning variables, and accessing subsidiary pre- 
sentations. In each case, which operation is per- 
formed depends upon which interaction device 
(e.g.- key or mouse button) is used, and also 
where the pointing device was pointing when the 
event occurred. 

All interaction events are first mapped to oper- 
ations in 1520. For example, the escape key opera- 
tion might be to delete a presentation, and the I 
key operation might be to apply a logarithmic scal- 
ing function to a variable. 

All interaction events are also refined to deter- 
mine the current presentation in 1530 (e.g.- which 
presentation was being pointed at by the pointing 
device when the event occurred). This may be 
either the main array presentation, or any subsid- 
iary presentation. Once the current presentation 
has been determined, the current location within 
that presentation may be determined as a pair of 
x,y coordinates. This pair of x t y coordinates may 
be used to indicate which current field or sub-area 
within the presentation according to the type of the 
current presentation. For example, if the current 
presentation is the main array presentation, then 
the pair of x,y presentation coordinates may in- 
dicate which field or plot element of the array is 
indicated, if any. 

Once a particular field or sub-area of the pre- 
sentation is determined, the pair of x,y coordinates 
may be further used to indicate a particular location 
within that field or sub-area in 1570. For example, if 
the current field of the current presentation is a 
particular scatter plot within the main array pre- 
sentation, then the pair of x,y field coordinates may 
indicate a particular corner of a rectangular color 
region. 

Not all resolution and refinement steps need be 
required for every kind of interaction. Operations 
that affect or us an entire presentation need no 
furth r r solution than the current presentation, as 
d cided in 1540. For example, the press of a 
particular key (like the escape key) might oper- 
ationally d I t th curr nt pres ntation entir ly, 



irrespective of what field or location within the 
presentation was indicated, as in 1545. 

Operations that affect or use an entire field 
within a presentation need no further refinement 

5 than the current field, as decided in 1560. For 
example, the press of a particular key (like the I 
key) over a histogram of one variable in the main 
array presentation might apply a logarithmic scal- 
ing function to that variable, irrespective of what 

w location within the histogram was indicated, as in 
1 565. For another example, the press of a particu- 
lar key (like the enter key) over a scatter plot of 
two variables in the main array presentation might 
operationally access a certain type of subsidiary 

16 presentation of those same two variables, irrespec- 
tive of what location within the scatter plot was 
indicated. 

Operations that require a list of arguments may 
be decomposed into sequential selecting oper- 

20 ations. This is typically true of operations which 
access subsidiary presentations, since one of the 
access criteria is a subset of the variables. Compo- 
nents of sequentially decomposed operations need 
not come from the same presentation. As many 

25 presentations (either main or subsidiary) as compo- 
nents may contribute. 

Operations that require the selection of two 
variables could alternatively be decomposed into 
two sequential operations that require the selection 

30 of a single variable. For example, a new subsidiary 
presentation of two variables may be accessed by 
sequentially selecting the first variable from the 
main array presentation, and the second variable 
from any subsidiary presentation. 

35 Operations that require the selection of three 
variables could alternatively be decomposed into 
two sequential operations that require the selection 
of one variable and then two variables, or two 
sequential operations that require the selection of 

40 two variables and then one variable, or three se- 
quential operations that each require the selection 
of a single variable. For example, a new subsidiary 
presentation of three variables may be accessed 
by sequentially selecting the first variable from the 

45 main array presentation, and the second variable 
from any subsidiary presentation, and the third 
variable from the same or any other subsidiary 
presentation. AH presentations and subsidiary pre- 
sentations have equal status with respect to contri- 

50 buting to sequential operations, irrespective of how 
each was originally accessed. 

Operations that require the selection of more 
than three variables would have many possible 
sequ ntial decompositions. 

55 
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Claims 

1. An interactiv display showing th relationship 
among a number of variables, each variable 
comprising a set or vector of observations, the 
display comprising: 

an array presentation of small presentations, 
each array small presentation representing the 
relationship among a subset of the variables; 
a mutual coupling between the array small 
presentations, some array small presentations 
having one or more dependent variables re- 
lated to an independent variable so that a 
change to the independent variable will change 
ail array presentations having dependent vari- 
ables in accordance with the relationship 
among the independent and dependent vari- 
ables; 

one or more mutually coupled subsidiary pre- 
sentations, each presenting a subset of vari- 
ables, 

where the order of the variables in the array 
preferably can be sorted, and 
where the subsidiary presentation preferably is 
accessed by applying criteria to the array pre- 
sentation, 

said display preferably having two or more 
subsidiary presentations, a second subsidiary 
presentation accessed by applying accessing 
criteria to a first subsidiary presentation and 
preferably one or more array small presenta- 
tions. 

2. A display, as in claim 1, where each subsidiary 
presentation is mutually coupled to the array 
presentation so that a change to one or more 
variables in the subsidiary presentation will 
change array presentations displaying vari- 
ables according to a dependency relationship 
with the changed variables in the subsidiary 
presentation. 

3. A display, as in claim 1 or 2, where one or 
more array small presentations are mutually 
coupled to a subsidiary presentation so that a 
change to any independent variable in the ar- 
ray presentation will change the subsidiary 
presentation in accordance with a dependency 
relationship among variables. 

4. A display, as in claim 1, 2 or 3, where a first 
subsidiary presentation is mutually coupled to 
a second subsidiary presentation so that a 
change to any independent variable in the first 
subsidiary presentation will change d pendent 
variables In the second subsidiary pres ntation 
in accordanc with a d pend ncy r lationship 
among the variables. 



5. A display, as in any one of the preceding 
claims, where the mutual coupling exists 
among th array small presentations so that a 
chang to an independent variabl observation 
5 in any array presentation will change coupled 

array presentations in accordance to a relation- 
ship with the changed independent variable 
observation. 

10 6. A display, as in any one of the preceding 
claims, the criteria including the type of the 
subsidiary presentation, the desired subset of 
variables, and desired subset of observation 
points. 

16 

7. A display, as in any one of the preceding 
claims, with a first array presentation and on 
or more subsidiary presentations, one or more 
subsidiary presentations being decoupled from 

20 all other presentations, where a decoupled 

subsidiary presentation preferably is a second 
array presentation presenting a subset of vari- 
ables determined from the first array presenta- 
tion. 

25 

8. A display, as in any one of the preceding 
claims, where the array small presentations 
include every permutation of two variables, 
each permutation presented on one array small 

30 presentation, preferably also including presen- 

tations of each variable, where the subsidiary 
presentation preferably is auditory and/or tac- 
tile. 

35 9. A method of accessing a second presentation 
from a first presentation by using color com- 
prising the steps of: 

a. brushing a first subset of data points 
chosen by a first selection criteria with a 

40 first color in the first presentation; 

b. accessing the second presentations from 
the first presentation by using the brushed 
first subset of data points as accessing cri- 
teria for the second presentation, the sec- 

45 ond presentation being mutually coupled to 

the first. 

10. A method of accessing a second presentation 
from a first presentation by using color corn- 
so prising the steps of: 

a. brushing a first subset of data points 
chosen by a first selection criteria with a 
first color in the first presentation; 

b. brushing a second subset of data points 
55 chosen by a second selection criteria with a 

second color in the first pr sentation; 

c. p rforming a logical op ration between 
the first and second subset of data points; 

13 
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d. identifying the results of the logical op- 
eration with the first color, the second color, 
the first and second color combined, or 
another third color; 

e. accessing a second presentation, mutu- 5 
ally coupled to the first presentation, using 

the results of the logical operation identified 

by a color as accessing criteria, 
where all the colors preferably are the same, 
and 10 
where the logical operation preferably is a logi- 
cal AND or a logical OR. 

11. A method of accessing a second presentation 

from a first presentation by using color com- is 
prising the steps of: 

a. brushing a first subset of data points 
chosen by a first selection criteria with a 
first color in the first presentation; 

b. brushing a second subset of data points 20 
chosen by a second selection criteria with a 
second color in the first presentation; 

c. brushing a third subset of data points 
chosen by a third selection criteria with a 
third color in the first presentation; 25 

d. performing logical operations among the 
first, second and third subsets of data 
points; 

e. identifying the results of the logical op- 
eration with a color different than then the 30 
first, second, and third color; 

f. accessing a second presentation, mutually 
coupled to the first presentation, using the 
results of the logical operation identified by 

a color as an accessing criteria. 35 



a. examining an array presentation of small 
pr sentations, each small presentation 
showing the relationship among a subset of 
variables in a data base; 

b. selecting a second subset of observa- 
tions of one or more variables; 

c. accessing a first subsidiary presentation 
of data, defined by the selected observation 
subset, the first subsidiary presentation be- 
ing mutually coupled to the array presenta- 
tion, 

where a second subsidiary presentation prefer- 
ably is accessed from the first subsidiary pre- 
sentation and where a third subsidiary pre- 
sentation preferably is accessed from the sec- 
ond subsidiary presentation. 

15. A computer apparatus for exploring data com- 
prising: 

a. a display means for displaying an array 
of small presentations; 

b. a selecting means for selecting a subset 
of observations from the displayed array; 

c. a accessing means for displaying subsid- 
iary presentations which are defined by the 
selected subset of observations and a user 
select subsidiary presentation format; 

d. a means for mutually coupling variables 
from the subsidiary presentation to the array 
of small presentations, 

where the accessing preferably means also 
can display one or more subsidiary presenta- 
tion progeny and all presentations preferably 
are mutually coupled by the means for mutu- 
ally coupling variables. 



12. A method of mutually coupling a first and 
second presentation comprising the steps of: 

a. using the first presentation to create a 

new parameter value located in a data base 40 
associated with a variable shown in the first 
presentation; 

b. accessing the data base by the second 
presentation to determine the new param- 
eter value; 45 

c. changing the second presentation based 
on the new parameter value, 

where the parameter preferably is a scale fac- 
tor. 

50 

13. A method of mutually coupling a first and 
second presentation, as in claims 12, where 
the parameter is In the range of a variable 
which is to be brushed with a certain color. 

55 

14. A method of exploring data comprising the 
steps of: 
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